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Question 1 (11 marks) 
 
A robot arm is driven by two actuators as shown below in Figure 1. The actuators can be 
considered as continuous-time, linear, time-invariant systems with the control signal x(t) as the 
input and the force delivered by the actuators as the output. Actuator 1 has impulse response 
)(1 th and actuator 2 has impulse response )(2 th . The forces delivered by the actuators are added 
together to form the input signal to the robot arm. The output of the robot arm is the position of 
the tip y(t). The robot arm can also be considered as a continuous time linear time invariant 






Figure 1. Robot Arm 
Question 1.1 (1 marks) 
If the input ),()( ttx   where )(t is the unit impulse, what specifically is b(t)?  
 
Question 1.2 (3 marks) 
Give an expression for y(t) as a function of x(t), h1(t), h2(t) and h3(t). 
 
Question 1.3 (2 marks) 
Write out and expression for the impulse response of the composite system as a function of h1(t), 
h2(t) and h3(t). 
 
Question 1.4 (2 marks) 
 
The frequency responses of actuator 1, actuator 2 and the robot arm are H1(), H2() and  H3() 
respectively. What is the frequency response of the composite system, H(ω)? 
 
Question 1.5 (3 marks) 






Robot arm + 
x(t) y(t) b(t) c(t) 
Actuator2 
11211 1 
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Question 2 (12 marks) 
The Fourier transform of a signal, 𝑥(𝑡), is defined as: 
 




2.1 (4 marks) 
 
Using the above integral, find the Fourier transform of 𝑝2(𝑡): a rectangular pulse shown below 






Once you have the Fourier transform of a particular function, it is possible to find the transform 
of a more complex function by first expressing the complex function in terms of the simple 
function and then applying the properties of the Fourier transform.  
a) Write an expression in the time domain for the two functions shown below in Figure 3 in 





b) Using the properties of the Fourier transform given in the formula sheet attached, find 
the Fourier transform for the two waveforms in part (a) (4 marks)  
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Question 3 (10 marks) 
One way to determine the frequency response, 𝐻(𝜔), of a given system is to do so 
experimentally. A number of single frequency sinusoidal signals are used as the input, x(t), to 
the system, one at a time. The output of the system, y(t), for a given input, can be measured and 
the magnitude and phase of the frequency response of the system, at the frequency of the input 
sinusoid, can be measured. 
 
Experimental results for one such test, seen below in Figure 4, show the frequency domain 




Question 3.1 (2 Marks)  
 
This system shown in Figure 4 is effectively working as a filter. What type of filter is it? Write a 
few sentences to justify your answer. 
  
Question 3.2 (4 Marks)  
 
If the input of the system is now: 𝑥(𝑡) = 2 cos(636.6𝜋𝑡) + 2 sin(1273.2𝜋𝑡) . Calculate the 
output of the system, 𝑦(𝑡), for this new input. How does your result confirm your choice of filter 
in question 3.1? 
 
Question 3.3 (4 Marks)  
 
Sketch the double sided frequency domain magnitude and phase plots for both 𝑥(𝑡) and 𝑦(𝑡). 
(Present your answer in 4 separate plots, not all on one plot.) 
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Question 4 (17 marks) 
 
A student wants to relax after an exam and decides to have a drink with his friends. He finishes 
his first beer, which contains 10 grams of alcohol, after 10 minutes.  
 
Question 4.1 (2 marks) 
If the student continues to drink at the same rate what is the Laplace transform of his alcohol 
ingestion rate x(t)? Assume that the student starts drinking at t=0 and the alcohol ingestion rate 
can be approximated as being constant.  
 
Question 4.2 (3 marks) 
Determine the transfer function of system described by the equations for the ingestion and 
metabolism of alcohol given below: 
 




 =  −𝑘1𝑞(𝑡) + 𝑥(𝑡)   𝑎𝑛𝑑   
𝑑𝑦(𝑡)
𝑑𝑡
 =  𝑘1𝑞(𝑡) − 𝑘2𝑦(𝑡) 
 
where the input x(t) is the ingestion rate of alcohol, the output y(t) is the total amount of the 
alcohol in the bloodstream and q(t) is the total amount of the alcohol in the gastrointestinal tract. 
The constants 1k and 2k characterize the speed with which alcohol is absorbed from the gastro-
intestinal tract into the bloodstream and the speed with which alcohol is metabolized by the liver 
respectively. It is assumed that 021  kk . (For this question only you can assume that initial 
values are zero. 
 
If and only if you cannot find the transfer function, use the following transfer function for 




(𝑠 + 𝑘1)(𝑠 + 𝑘2)
 
 
Question 4.3 (1 marks) 
What is the order of the system? Explain your answer, don’t just state a number. 
 
Question 4.4 (2 marks) 
What is the location of the poles of the system? 
 
Question 4.5 (2 marks) 
Is the system stable? Explain your answer. 
 
Question 4.6 (3 marks) 
Determine the impulse response h(t) of the system. 
 
Question 4.7 (4 marks) 
Finally the student stops drinking and decides to go home. At that time, the amount of alcohol in 
his gastro-intestinal system is M1 and the amount of alcohol in his blood is M2. By using the 
Laplace transform, compute the amount of alcohol in the students blood, y(t), from the moment 
he stops drinking onward. Assume that k1  k2. 
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Question 5 (15 marks) 
 
Question 5.1 (2 marks) 
 
A controller with transfer function 𝐺𝐶(𝑠) is used to provide the input into a plant with transfer 
function 𝐺𝑃(𝑠). The input to the controlled system is the reference signal 𝑅(𝑠)which produces 
the output, 𝑌(𝑠), from the plant. Draw the block diagram for the system described if: 
a) open loop control is used 
b) closed loop control is used 
 
Question 5.2 (2 marks) 
 
Give an example of an everyday system where open loop control is used and another where 
closed loop control is used. 
 
Question 5.3 (5 marks) 
 
What are the reasons that closed loop control is sometimes used instead of open loop control. 
What are some of the advantages and disadvantages of both open loop and closed loop control?  
 
Question 5.4 (6 marks) 
 
Discuss, with the use of formula and diagrams where relevant, how you would use one of the 
two tuning methods discussed in this unit to tune a PI controller.
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Formula Sheet 
LAPLACE TRANSFORM PAIRS 
)s(F  )t(f     t  0  





















)( atu    unit step starting at t = a 
 ate1
s
1   
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Ziegler-Nichols tuning rule based on critical gain and period 
 

















Controller 𝐾𝑝 𝑇𝑖 𝑇𝑑 










Ziegler-Nichols tuning rule based on the strep response of the system: 
 








































THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM 
ANY EXAMINATION VENUE IN ANY CIRCUMSTANCE. THIS EXAMINATION IS PRINTED DOUBLE-SIDED. 
 
Semester 1, 2017 FINAL EXAMINATION 
 ENG325 – Systems Modelling and Control 
Page 12 of 13 








THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM 
ANY EXAMINATION VENUE IN ANY CIRCUMSTANCE. THIS EXAMINATION IS PRINTED DOUBLE-SIDED. 
 
Semester 1, 2017 FINAL EXAMINATION 
 ENG325 – Systems Modelling and Control 
Page 13 of 13 
Properties of Discrete time Fourier transform 
Linearity 𝑎𝑥[𝑛] + 𝑏𝑦[𝑛] 𝑎𝑋(𝑒𝑗𝜔) + 𝑏𝑌(𝑒𝑗𝜔) 
Shift in Time 𝑥[𝑛 − 𝑘] 𝑋(𝑒𝑗𝜔)𝑒−𝑗𝜔𝑘 
Shift in frequency 𝑥[𝑛]𝑒𝑗𝑎𝑛 𝑋(𝑒𝑗(𝑤−𝑎)) 




Time reversal 𝑥[−𝑛] 𝑋(𝑒−𝑗𝜔) 
Time conjugation 𝑥[𝑛]∗ 𝑋(𝑒−𝑗𝜔)
∗
 




















Convolve in time 𝑥[𝑛] ∗ 𝑦[𝑛] 𝑋(𝑒𝑗𝜔). 𝑌(𝑒𝑗𝜔) 
Multiply in time 𝑥[𝑛]. 𝑦[𝑛] 
1
2𝜋
∫ 𝑋(𝑒𝑗𝑣). 𝑌(𝑒𝑗(𝜔−𝑣))𝑑𝑣
𝜋
−𝜋
 
 
 
 
 
